Rare co-existance of disease or pathology Background:
Background
Von Recklinghausen's disease (NF1) is the most common neurofibromatosis. It is an autosomal dominant disorder, and occurs de novo approximately half of the time [1] . This disease results in peripheral nerve sheath tumors but also presents in other organs attempts such as musculoskeletal abnormalities (e.g., generalized osteopenia/scoliosis/long bones dysplasia); pigmentary abnormalities; other skin disorders such as Lisch nodules; cutaneous neurofibromas and vascular disorders [1, 2] .
Vascular abnormalities in NF1 account for 3.6% of cases and they can present as stenosis, aneurysm formation, arteriovenous fistula, MoyaMoya syndrome, vascular proliferation and invasion, or compression by neural tumors. They can result in spontaneous bleeding in different organs [1] [2] [3] [4] [5] [6] , such as spontaneous hemothorax. Symptoms can range from dyspnea or chest pain to a catastrophic scenario leading to death. Finding the source of bleeding can be challenging and the treatment may be complex.
Case Report
A 45 years-old male with a medical history of neurofibromatosis was sent by his general practitioner to our clinic for persistent dyspnea. Indeed, he consulted 3 days before admission for mild dyspnea with cough and yellow sputum without fever. He was treated with antibiotics as an outpatient without success.
On his admission to the Emergency Department, the patient was complaining of worsened dyspnea. The physical status evaluation found hemodynamic stability with left pulmonary hypoventilation and dullness on percussion. The blood analysis revealed mild anemia with hemoglobin at 116 g/L and a low hematocrit at 35%.
A chest computed tomography (CT) scan ( Figure 1A , 1B) was performed showing a large left hemothorax with mediastinal shift to the right with no active bleeding and no proximal pulmonary embolism.
A chest tube was inserted (Figure 2 ). Approximately 2 liters of a hematic liquid was removed, and the patient was admitted to the Intermediate Care Unit for follow-up. He remained hemodynamically stable and his hemoglobin level did not fall under the previous value.
A new CT scan performed 2 days after admission, looking for the source of bleeding, showed some few thoracic fluids remaining. The examination didn't reveal any source of bleeding, but it exhibited a middle right lobar pulmonary embolism The patient was discharged after 8 days of hospitalization.
Another CT scan ( Figure 4 ) performed 1 month after the event, revealed a post-drainage pleural scar. No vascular aneurysm nor any source for hemothorax was found.
At 6 weeks follow-up, the patient has fully recovered.
Discussion
Vascular abnormality is one of the manifestations of NF1. Some of the arteries affected are the aorta, renal, mesenteric, carotid-vertebral, intracerebral, subclavian, axillary, and iliofemoral arteries [6] . Some pathological findings include fibromuscular dysplasia with neointimal thickening and proliferation of Schwann cells and fibroblasts [6] .
Some of these abnormalities can lead to spontaneous hemothorax. Some authors have reported that the rupture of the fragilized vessels is favored by scoliosis [5] .
As mentioned earlier, spontaneous hemothorax can present through different clinical presentations.
In order to have a better understanding of this pathology, we did a literature search for articles published during the last 10 years in "PubMed" using the words "spontaneous hemothorax neurofibromatosis". We found 21 items out of which we excluded 6 articles; 3 because of the language of the publication (one in Czech, one in Portuguese and one in Spanish), and 3 were excluded because they were outside of our study subject area. One article presented a contralateral recurrence [3] . Adding our present case, we had a total of 17 patient cases that we analyzed.
The mean age of these patients at occurrence was 44.13 years old and there were more women than men with a ratio of male: female at 1: 2.2. The left side was slightly the most involved: 9 out of 17 events.
Acute chest pain and dyspnea were the most frequent symptoms mentioned by 53% and 59% of patients, respectively. Hemodynamic instability was found in 53% of cases showing the severity of this pathology [7] [8] [9] [10] [11] [12] [13] [14] . We also found that some patients may remain hemodynamically stable several days after the beginning of symptoms and suddenly may become hemodynamically unstable [7, 15] . This supposes that the bleeding may occur in several stages and that there is a need for early care to avoid a catastrophic scenario. It is important to mention that hemodynamic instability may also occur after thoracic drainage [16] .
Other rarer symptoms mentioned by these patients were arm, shoulder, and back pain as well as syncope.
Concerning the diagnosis of hemothorax, it is easily made on chest CT scan. However, the bleeding source may be difficult to locate. CT-scan, video-assisted thorax surgery (VATS), or thoracotomy may be helpful. Chest CT scan (mainly contrast enhanced CT scan) could determinate the exact localization of the source of bleeding in 59% of cases. Repeat CT-scan may be useful in this goal, up to 1 month after a primary event. For example, in the Misao et al. case report in 2011, the aneurysm of the right tenth intercostal artery was visualized only on the third CT scan performed on day 30 of hospitalization [3] . In 3 case reports (18%), the source of bleeding was found only during surgery; 2 during VATS and the remaining 1 during thoracotomy [7, 16] . Nevertheless, the bleeding source was not always easily discovered even through surgery, as reported in the Fördhing et al. case study where the precise bleeding point could not be found despite anterolateral thoracotomy, due to proximity with a large meningocele [12] . Pulivarthi et al. as did not find a precise site of bleeding, but a neurofibroma with a sentinel clot was visualized during thoracoscopy [17] .
Until now, there has been no consensus for the treatment of spontaneous hemothorax in patients with NF1. Three options of treatment exist: conservative treatment with only thoracic drainage, surgical treatment through VATS or thoracotomy, and endovascular treatment. These options may be used together to optimize the outcomes.
Conservative treatment was used in 2 patients (12% of all cases), including the present case. Fdil et al. made a resuscitation and thoracic drainage. Nevertheless, they had to perform a thoracotomy due to a subsequent pleural infection [8] .
In the present case, we only performed thoracic drainage since the patient was hemodynamically stable and there was neither vascular abnormality nor any other source of bleeding on imaging. Furthermore, no decrease in hemoglobin occurred during patient follow-up and the last CT scan 1 month later was inconclusive.
In the 17 cases, surgical treatment was applied as a first treatment in 9 patients (53%); 4 with VATS and 5 with thoracotomy. The purpose of surgical treatment was to stop the bleeding and to avoid infection by evacuation of blood clots.
VATS helped to successfully stop bleeding in 2 patients through electrocoagulation and the use of fibrin tissue-adhesive collagen fleece; conversion to thoracotomy was made by Jeong et al. due to the close relation of the neurofibroma to the aorta [14] [15] [16] [17] [18] .
Concerning the open approach, 2 out of 5 patients had bleeding completely stopped through thoracotomy but not without adverse effects [14, 15] . Unfortunately, the use of absorbable oxidized cellulose packing led to compression of the spinal cord with paraplegia in the case reported by Aizawa et al. [15] . However, Yusuf et al. showed a clear advantage of using thoracotomy for the treatment of meningocele. Faruque et al. were able to stop thoracic artery bleeding by stapling, but left vertebral venous plexus bleeding was controlled only by endovascular embolization and sclerosing [7] . One patient died due to the inability to locate the site of bleeding because of contact with a large meningocele [12] .
Endovascular treatment was applied in 5 patients (29%) as first choice [3, 13] . Immediate successful results were achieved in all of these patients. This approach met the highest rate of success by stopping the bleeding. However, there was a recurrence of bleeding from the same aneurysm in 1 case after hardly having controlled by injection of polyvinyl alcohol particles following embolization with 63 coils [11] ; the bleeding could not be controlled with thoracotomy and the patient finally died. Outcomes after endovascular treatment can be optimized with thoracic drainage or VATS to confirm the full control of bleeding and avoid infection.
There were 3 out of 16 patients who died (19%) during care in the cases reviewed. Two died during thoracotomy and 1 patient died before any treatment [9, 11, 12] .
Two recurrence of bleeding occurred. One case immediate from the same aneurysm after endovascular treatment as mentioned earlier, and 1 case on the contralateral side, 7 months after embolization [11, 3] .
Clinical or radiological follow-up were performed in 5 patients between 6 months and 1 year after discharge [3, 13, 16, 18, 20] . Hongsakul et al. found a recurrence of an arteriovenous fistula on CT angiography at 1-year follow-up [13] . No treatment was established due to opposition of the patient who was asymptomatic We would, however, recommend followup of such patients.
Conclusions
Spontaneous hemothorax is a very rare but potentially fatal event in patients with NF1, that should be taken seriously when taking care of such patients. Endovascular approach seems to be the best initial treatment option when vascular abnormality is found, but conservative treatment can also be successfully applied in specific situations. Treatment should be tailored to each individual patient separately.
